Molecular Golf Balls - Vesicles from Bowl-Shaped Host Molecules by Schenning, A.P.H.J et al.






The following full text is a publisher's version.
 
 





Please be advised that this information was generated on 2017-12-05 and may be subject to
change.
COMMUNICATIONS.
[6] Abbreviations used: biPhMe: 2,2'-bis(j-methylimidazolyl)phenylmeth.oxy- 
metiiane; Hbpg, N,/V-bis(2-pyridylmethyl)gIycine; Me^tacn: 1,4,7,-trimethyl- 
1,4,7-triiizacydononane ; tmen : A\A^\/V'-tetrametliylethylenediamine; tpa : 
lris(2-pyridylmethyl)amine.
[7] a) P. Chaudhuri, P. K. Wieghardt, B. Nuber, J. Weiss, Angew. Client. 1985, 97, 
774; Angew. Chenu h it. Ed. Engl. 1985, 24, 778-779; b)J. R. Hartman, R, L. 
Rardin, P. Chaudluiri, K. Polii, K. Wieghardt, B. Nuber, J. Weiss, G. C. Pa- 
puefthymiou, R. B. Frankel, S. J. Lippard, J. Am. Chem. Son. 1987, 73K7- 
7396.
[8] K. S. Hagen, R. Lachicottc* J. Am . Chem. Soc. 1992, ¡14. «741 -8742.
[9] a) W. B. Tolman, A. Bino, S. J. Lippard, J. Am . Chcni. Sac. 1989, I I I ,  8522- 
8523; b)W. B. Tolman, S. Liu, J. G. Bentsen, S.J. Lippard, ibid. 1991, 113, 
152-164.
[10] a) R. L. Rardin, A. Bino, P. Poganiuch, W, B. Tolman, S. Liu, S. J. Lippard, 
Angew. Chem. 1990, It)2 , 842-844; Angew, Chem. Int. Ed, Engl. 199«, 29 , 
812-814; b) R. L. Rardin, P. Poganiuch, A. Bino, D. P. Goldberg, W. B. Tel­
man, S. Liu, S. J. Lippard, J. Am , Chem. Soc. 1992, 114, 5240-5249.
[H] X-ray diffraction studies were carried out at 172 K on an Enraf-Nonius diffrac­
tometer on a crystal with dimensions 0.50 x 0.45 x0.30 mm and the following 
crystallographic parameters: space group, P 6a (no. 173); a = h — 13.129(5), 
c = 25.413(7) A; V — 3794(4) À 3; Z  =  2. 9733 reflections were measured and 
combined to give 3144 =  0.063) unique reflections. All calculations were 
performed by using 2077 reflections (/>3.00rr(7)) with 306 parameters (data/ 
parameter =  6.79) to afford R  =  0.050 and R w — 0.067. The Texsan-Tcxray 
Structure Analysis Package from Molecular Structure Corporation (1985) was 
used. Further details o f  the crystal structure investigation are available on 
request from the Director o f Cambridge Crystallographic Data Centre, 
12U nion Road, GB-Cambridge CB21EZ (UK), on quoting the full journal 
citation.
[12] E. F. Bertuut, Q. D. Tran, P. Burlet, M. Thomas, J. M. Moreau, Aera Crj\s/£i/- 
logr. Sect. B 1974, 30, 2234.
[13] R. L. Rardin, W, B. Tolman, S. J. Lippard, New J. Chem. 1991, 75, 417-430,
[14] L.-J, Ming, H. G, .Tang, L. Que, Jr., Inorg. Chem. 1992, 31, 359-364.
[15] a) M. P. Hendricli, L. L, Pearce, L. Que, Jr., N , D. Chasteen, E. P. Day, J. Am . 
Chem. Soc. 1991, 113, 3039-3044; b) M. P. Hendrich, E. Miinck, B. G. Fox, 
J. D. Lipscomb, ibid. 1990, 112, 5861-5865.
[16] a) J. G. Wardeska, B. Viglìone, N. D. Chasteen, J. Biol. Chem. 1986,261, 6677- 
6683; b) D. Jacobs, G. D. Wau, R. B. Frankel, G. C. Papaefthymiou, Bio- 
diem  is try 1989, 28, 9216-9221 ; c) G. D, Watt, R. B. Frankel, D. Jacobs, H. 
Huang, G. C. Papaefthymiou, ibid. 1992, i / ,  5672-5679.
[17] Interestingly, when exposed to 0 2, 1 converts to a (yi-oxo)diiron species with 
an NM R spectrum identical to that o f the previously reported 
[Fe20 ( 0 2CCttH i )(bpfi)J](C104) (S. Ménage, L. Que, Jr., New. J. Chem. 1991, 
/5, 431-438).
Molecular Golf Balls: Vesicles from 
Bowl-Shaped Host Molecules**
Albertus P. H. J. Schenning, Bas de Bruin,
M artinus C. Feiters,* and Roeland J. M . N olte*
Synthetic molecules containing a hydrophilic head group and 
one or two hydrophobic tails are known to form a great variety 
of supramolecular structures such as micelles, multilayers, rods, 
and vesicles.[1] It has been proposed that the type of aggregate 
structure depends on the shape of the amphiphile, as character­
ized by the so-called “packing parameter”.121 Recent studies, 
however, indicate that other factors are important. For ex­
ample, single-tail surfactants with a large rigid segment13,4:1 or 
surfactants with a hyperextended chain15-1 form, vesicles instead 
of micelles, as predicted by the shape-structure concept. Vesic­
ular structures are also formed by two-headed single-chain sur-
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factants, for instance the lariat ether bolaamphiphiles.161 We 
report here that bowl-shaped host 2, which has two tails, two 
head groups, and a rigid cleft, forms vesicles upon dispersal in 
water.
Amphiphile 2[7) was synthesized in two steps (Scheme 1): first 
l a [8] was treated with hexadecylamine in acetonitrile under 
Finkelstein conditions191 (60%) and subsequently the product 
was methylated with methyl tosylate in toluene (80 %).
la , R = CH2CH2OCH2CH2Cl 
b, R = CHj
When 2 (10 mmol) was dissolved in methanol (50 (.iL) and 
injected in water (3 mL) vesicles were formed, as could be de­
duced from electron microscopy.
As can be seen in Figure 1, the application of both the freeze- 
fracture and the negative staining technique show the presence
Fig. 1, Electron micrographs o f a 0,02 m dispersion of 2. Freeze-fracture (magnifica­
tion 28000 x )  (a) and negative staining technique (magnification 9000 x )  (b).
of spherical vesicles with a diameter of approximately 4000 Â. 
These aggregates have a closed structure, as deduced from sub­
sequent encapsulation experiments111 with the fluorescent dye 
ethidium bromide.1101 Conductivity measurements revealed that 
the critical aggregation concentration (CAC) of 2 is 2 x  10 ~5 m . 
A vesicle dispersion of the amphiphile was dried on a glass plate 
in vacuo to give a cast film which was examined by X-ray dif­
fraction. The diffraction patterns displayed a clear periodicity of 
53 Â up to the 10th order reflection.
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Based on these data, we propose th a t the vesicles have a 
structure sim ilar to  tha t o f a golf ball (Fig. 2). The thickness o f 
the bilayer is 53 Ä, which corresponds to  two fully extended 
hexadecylamine chains. The host am phiphiles are  aligned w ith 
their concave binding moieties facing the aqueous phases.
53 A
Fig. 2. Schematic representation of a vesicle formed by 2.
We previously show ed1111 tha t m olecular clips such as 1 b can 
bind arom atic substrates in chloroform , fo r example resorcinol 
and its derivative 3. Binding occurs by jt-n stacking in teractions 
with the two arom atic “ walls” o f 1 b and by hydrogen bonding  
with the urea carbonyl groups, as determ ined by IR and 
’H N M R  spectroscopy.
The binding properties o f 2 were determ ined in chloroform  
and water by N M R  and UV/Vis titra tion  experim ents.[12] In 
chloroform , resorcinol and resorcinol derivative 3 form  1:1 in­
clusion complexes with 2; the corresponding association con­
stants are K „ =  3400 and 500 m-  \  respectively. These values are 
similar to those measured for these guests w ith l b (K.d =  2600 
and 700 m ~ ' ,  respectively). In water, under the CAC o f  2, com ­
pound 3 is bound in a 1:1 host-g u est ratio  w ith an  association 
constant o f =  3 x 105 m~ *. This value is very high w hen com ­
pared to th a t in chloroform , but is of the sam e order o f m agni­
tude as that found for amphiphilic cyclophanes1131 w ith no n ­
ionic guests. T itration  experiments with 2 in concentrations 
above the CAC indicated tha t only 50 % o f  the m olecular bowls 
are capable o f binding a guest molecule. In a separate  experi­
ment we checked with electron microscopy th a t the vesicle struc­
ture is no t destroyed by guest binding. The titra tion  curve could 
only be fitted by assuming tha t half o f the host molecules are 
involved in the binding process. In this case, we obtained a good 
correlation for a 1:1 complex with a binding constan t o f 
K „ =  4 x 105 m -  1. This result suggests th a t only the dim ples on 
the outer surface of the molecular golf balls are accessible to 
guest molecules and that the inner p art o f the aggregates canno t 
be reached.
In sum m ary, we have shown that m olecular objects w ith high 
binding affinities can be formed from rigid host molecules th a t 
have two tails and two ammonium groups. F u rth e r studies are 
aimed at stabilizing the aggregates by polym erization. A pplica­
tion o f the polymerized structures can be conceived in the field 
of chrom atographic separation o f organic molecules. To this 
end the synthesis o f chiral derivatives o f 2 is currently  in p ro ­
gress.
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Synthesis and Structure of
[Ni(S O 2 )6 ] (AsF 6 ) 2
and [Fe(S02)4(FAsF5)2]**
Enno Lork, Jan Petersen, and Rüdiger Mews*
T h e  c h e m is try  o f  S 0 2 a s  a ligand111 and solvent.121 has been 
s tu d ied  in g re a t d e ta i l .  T h e  coo rd in a tio n  behavior o f  Ihis three- 
a to m  m o lecu le  is r e m a r k a b l y  versatile: Six different bonding 
m o d es  a re  k n o w n ;111 th i s  figure does not take into account 
in se rtio n  p ro d u c ts  o b t a i n e d  from organom eUillie reactions,1,11 
V ib ra tio n a l s p e c t ra  a n d / o r  stab ility  criteria allow  predictions to 
be m a d e  on  th e  n a t u r e  o f  the metal ligand linkage ;111 these 
p re d ic tio n s  a re  o f t e n ,  b u t  n o t alw ays, correct.
T h e  m o s t c o m m o n  m o d e s  o f  coord ination  lo r S O , ligands in 
tra n s it io n  m e ta l c h e m i s t r y  a re  i/’-S and skle-on >i‘ -S O ; however, 
exam p les o f  S- o r  S O - b o u n d  bridging ligands are also known, 
O nly  th re e  c o m p le x e s  ( N i 11 and  Mil" chem istry14" 71) in which 
the S 0 2 lig an d s  a r e  e x c lu s iv e ly  O -bound. as determ ined by X- 
ray  s tru c tu re  a n a ly s is ,  h a v e  been reported  to date. In these com ­
plexes a m a x im u m  o f  tw o  S O , ligands in a t ra m  arrangem ent 
are  a tta c h e d  to  a  s ix - c o o r d in a te  m etal center.
T h e  o x id a tio n  o f  N i  p o w d e r  w ith A.sF, in liquid S O , yields 
[N i(S 0 2)„](A sF g)2 .t8J A c c o u n ts  in the literature regarding the 
n a tu re  o f  th e  N i - l i g a n d  b o n d  and  the num ber i t  o f  coordinated  
S 0 2 m o lecu le s  d if fe r .  P a s s m o r e  and  D esja rd in s1"1 have suggest­
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